Introduction
Composite sandwich construction is very attractive for use in aerospace structures ( Figure  1 ). Composite sandwich structures are more cost effective to manufacture than traditional skin-stringer structures and have better fatigue resistance.
Recent studies show that sandwich structure has the potential to be the lightest and lowest cost manufacturing concept for fuselage structure [1] . While these configurations are efficient, sandwich panels can be easily damaged by foreign object impacts. This critical deficiency has prevented the use of sandwich construction in most primary aerospace structures.
Debonds along the skin-core interfaces are considered limiting to a sandwich structure since the skin is free to "peel away" from the core resulting in catastrophic failure. This limitation is enough to discourage most aerospace manufacturers from using sandwich construction in primary structures.
To overcome these limitations a method of mechanically fastening the skin to the core is needed. This method must be inexpensive and should not add a significant amount of weight to the sandwich structure.
Stitching the skin and core is proposed here as a joining methodology.
Stitched Figure 1 shows a representative section of composite sandwich structure where stitches, in addition to the resin interface, are used to attach the facesheets to the core. This structure may be subjected to a variety of loads as shown in the figure. Figure 2 shows a simplified configuration that may be used to gain insight into the behavior of more complex configurations.
The objective of this paper is to study the effect of stitches on the response of a sandwich debond configuration.
The parameters studied are the effects of stitch stiffness and stitching density, core stiffness and debond length. New constitutive models for the stitches have been determined from flatwise tensile tests of a sandwich material and are implemented in the present analyses.
A debond between the top face sheet and the core is assumed and strain energy release rates at the debond front are used to evaluate the effects of several parameters using finite element analyses and the virtual crack closure technique (VCCT).
Debonded Sandwich
Beam Configuration A debonded sandwich beam configuration subjected to tensile loading is shown in Figure 2( 
Strain Energy Release Rates
The configuration was modeled with the ABAQUS f'mite element code using 8-noded quadratic twodimensional (plane strain) elements. 4 A representation of the 8-noded plane strain elements near a debond front with rectangular grid type modeling is shown in Figure  3 with elements having length of 0.0625 in. The elements are assumed to have the same length, A, ahead of and behind the debond front (as shown in Figure  3(b) ). The G-values can be calculated using the nodal forces (F_, F.-) and displacements (u, w) near the debond front and the increment of new debond area created using the VCCT as (see Figure 3 ) 6'_
Mode-I components:
(1)
Mode-H components: The effect of this simplification may be minor when considering compliant cores, but should become more important as the stiffness of the core increases.
Modeling the Facesheet to Core Contact Problem
Closure of the debonded faces may occur once the debond is of sufficient length because of the stitch forces.
In the finite element analysis, contact of the faces is allowed, while interpenetration of the faces is not. In references (9-11), interpenetration of the faces was prevented by adding multipoint constraints along a known region of interpenetration to impose the requirement of identical z-direction (w) displacements among elements in contact.
Because of the compliance of the core in the sandwich structure, the stitches are assumed to carry load in compression as well as tension. In the present analysis, the stiffness of the stitches in compression is assumed to be equal to the initial stiffness of the stitches in tension.
Given this assumption, the computed values of facesheet to core interpenetration typically were less than 0.2% of the facesheet thickness.
Thus, multipoint constraints are not used in the present analysis. considered with an applied load, P, of 100 lb.
Results and Discussion

Four
As shown in Figure 5 , the unstitched configurations exhibit increasing Grot_ with increasing debond length, a, for all three moduli (configurations N-l, N-2 and N-3 in Table 1 ). However, increasing core modulus decreases Gr_o_ even for large debond lengths. 
Concluding Remarks
The effect of stitches on the total strain energy release rate for a debonded sandwich beam configuration with an initial debond was studied.
Plane strain Finite
elements were used to model the configuration and the virtual crack closure technique was used to calculate the strain energy release rates. Using this fracture mechanics approach, a debond between the skin and stiffener flange was assumed. The debond growth between the facesheet and core was assumed to be selfsimilar and continuous along the length of the interface.
The stitches were modeled as discrete nonlinear spring elements with their compliance determined by experiment.
Interaction between the stitches and core was not considered.
For the unstitched configuration, Gro,o_ decreases with increasing core modulus.
The effect of stitching was most significant for compliant configurations.
As the debond length increases, additional stitches begin to carry load resulting in a decrease in GTotai. For long debonds, the stitches may produce enough compressive force at the debond front to close the debond and reduce Gro,aLto new-zero values.
The stitching density, stitch stiffness and proximity of the first stitch to the point of load application effect the rate at which GTot_ decreases. Configurations with a dense stitch pattern and stiff stitches decrease Gro,_ more rapidly than configurations with sparse or compliant stitching. 
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